SUMMARY The intravitreal injection of autologous cultured fibroblasts has been used by many groups to study proliferative vitreoretinopathy. Ninety-five New Zealand white rabbits were used to study the pathological effects on the ocular tissues following such an injection over various time periods up to six months. The ocular tissues were studied by light microscopy, electron microscopy, immunohistochemistry, and autoradiography. The cells which contributed to the inflammatory response (initially neutrophils, then later macrophages and lymphocytes) were found to gain entry into the vitreous via the pars plana, pars plicata, and the vessels associated with the optic nerve head. In the experimental eyes the detached retinae had a reduced ability to incorporate 3H proline. Both epiretinal and subretinal membranes were found on the retinal surfaces. The majority of the glial cells within the membranes were identified as Muller cells. The retinal pigment epithelium beneath the detached retinae incorporated 3H thymidine and detached into the subretinal space. Clear evidence was obtained of both epithelial cell migration through the retina and involvement within epiretinal membranes.
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The intravitreal injection of tissue cultured autologous skin fibroblasts produces fibrous vitreal membranes which exert tractional forces leading to retinal detachment.'-7 The fibroblast injection procedure has been used by several groups to study the antiproliferative activity of drugs which may have value in the treatment of proliferative vitreoretinopathy.1'2 So far most of the morphological studies have centred on the organisation of the vitreal membranes,2"7 which are principally the product of the injected cells.5 Considerably less emphasis has been placed on the response of the retina, uvea, and other ocular tissues to the injection of cultured autologous fibroblasts into the vitreous.
Sugita et al.2 were aware that the injection of autologous fibroblasts was associated with uveal inflammation. Although homologous fibroblast injection produces a biphasic response with plasma cells present in the second phase, autologous fibroblasts produce a non-immune reaction.5 Tano et al.'°" described retinal neovascularisation and we Correspondence to Ian Grierson, PhD, Institute of Ophthalmology, 17/25 Cayton Street, London EC1V 9AT. observed retinal gliosis' in the autologous model. The autologous cultured fibroblast injection model is worthwhile only if the proliferative and reactive processes within the rabbit eye can be related to the human situation. In the present study of autologous fibroblast injection into the rabbit vitreous the pathological changes within the retina and vitreous were examined by light microscopy, immunohistochemistry, autoradiography, and transmission and scanning electron microscopy. The principal aims of this investigation were to study in some detail the reactive changes in the retina with particular reference to the response of glia and retinal pigment epithelium. In addition an attempt was made to identify the main sites of entry of inflammatory cells into the vitreous.
Materials and methods

FIBROBLAST CULTURE AND INJECTION
Fibroblasts were cultured from skin biopsies which were aseptically removed from the rumps of New Zealand white rabbits. The autoradiographs were left in the dark at 40C for an exposure time of six weeks for 3H thymidine and 11-12 weeks for 3H proline. The autoradiographs were then developed and stained with a 1% alcoholic solution of toluidine blue at room temperature. The sections were examined under a light microscope.
Results
INFLAMMATION
Inflammatory cells invaded the vitreal cavity during the first few days following the intravitreal injection of autologous fibroblasts and were associated with the vitreal proliferations which developed. The inflammatory cells gained entry to the vitreous by two key areas, via the epithelium of the pars plana and pars plicata ( Fig. la) and the vascular complex associated with the medullary rays of the optic nerve head (Fig. lb) . During the acute stage of inflammation polymorphonuclear leucocytes were prominent throughout the uvea and vitreous. After one week the infiltrate consisted mainly of lymphocytes and macrophages. The mononuclear cells were present until the fourth week, after which they were seen infrequently. The meshwork of the anterior chamber appeared to remain free of inflammatory cells.
VASCULATURE ASSOCIATED WITH THE MEDULLARY RAYS
The incorporation of 3H proline was more pronounced in the perivascular cells of the control tissue than at any stage following fibroblast injection (Fig.  2) . Fibroblast injection resulted in the vessel basement membranes becoming multilayered, and swollen mitochondria in the endothelium were commonly seen.
INNER RETINAL SURFACE AND EPIRETINAL MEMBRANE FORMATION
Areas of retinal surface were noted by SEM to be denuded of cortical vitreal collagen one week after the fibroblast injection. After three weeks small bulges were seen protruding through the inner limiting lamina (ILL) into the vitreal cavity (Fig. 3a) . Occasionally evidence of cell processes extending through the ILL on to the vitreal surface of the retina 20 [tm, (b) 10 Iim, and (c) 50 Rm. was found as early as three day after the injection ( Fig. 3b) . At the 10-week stage cells were clearly visible on the retinal surface, and often these cells contributed to foci of monlayers or even multilayers of plate-like glial cells (Fig. 3c) .
Incorporation of 3H thymidine, as indicated by large clusters of silver grains, was not found within the nuclei of the retinal cells in the control tissue. However, one week after the injection of fibroblasts sporadic nuclear incorporation of 3H thymidine was evident within the retina, particularly in the inner nuclear layer (Fig. 4a) . Also at one week labelled nuclei were a feature of the newly developing epiretinal membranes (Fig. 4a) . Labelled evident in the retina and epiretinal membranes up to six weeks, but by 10 weeks 3H thymidine iucorporation into nuclei was noticommon. Over the period from one to 10 weeks labelling in the majority of the cells of the epiretinal membranes was low and diffuse, but occasional cells did show high incorporation levels (Fig. 4b) In the control retina the incorporation of 'H proline was pronounced, particularly in the central retina. Uptake of label was prominent within the vasoglial connections, many cells of the inner nuclear layer and the ganglion cells (Fig. 6a) . But in the experimental tissue one week after the fibroblast injection the level of proline incorporation was much lower, though some preferential incorporation was still evident. In the detached retina the label was at a very low level and was scattered diffusely throughout the various layers (Figs. 4b, 6b, c) .
Three weeks after the injection of fibroblasts most Ibun. (Fig. 6b) . A rapid decline in retinal organisation and increased oedema occurred between two and four weeks following the injection of fibroblasts (Figs. 6b, c) . Oedema progressed throughout the retinal layers with the increased period of detachment.
RETINAL PIGMENT EPITHELIUM (RPE)
Following detachment of the neural retina from the pigment epithelium the RPE had lost its hexagonal arrangement ( Fig. 7a ) and had become rounded (Fig.  7b) . The morphological alterations to the RPE increased with the duration of the retinal detachment. The apical processes had become shorter and were found on all free surfaces (Figs. 7a, b) . Widening and shortening of the basal infoldings were seen, and the mitochondria were swollen (Fig. 7b) . Some of the cells appeared to be more rounded or 'scalloped' than the surrounding cells. These cells gradually became detached from the monolayer (Fig.  7b) . Two different sizes of migratory cells were evident in the subretinal space, and these could best be seen by SEM. The smaller cells had larger surface microvilli, which were less frequent than the small, abundant surface microvilli seen on the larger cells (Fig. 7a) . Under a detachment the 'scalloped' RPE cells and some of the larger cells in the subretinal space gave an intense positive staining reaction to prekeratin and actin (Fig. 8a) . The reaction to the prekeratin antibodies was greater than that found in RPE attached to the neural retina in the normal tissue.
Both the large and small cells in the subretinal space were found to incorporate 3H thymidine in their nuclei (Fig. 8b ). The incorporation of 'H proline in the RPE was lower than that seen in the control tissue.
SUBRETINAL MEMBRANE FORMATION
Subretinal membranes both on the exposed outer retinal surface (Fig. 8c) and on Bruch's membrane were found beneath a detached retina at various times after an injection of fibroblasts. The cells on the outer retinal surface appeared to be glia which had migrated from the retina (Fig. 8c) , while the RPE cells had become elongated and several layers deep. Both the disorganised retina and the subretinal membranes showed low and diffuse levels of 'H proline incorporation (Fig. 8c) .
The proliferations associated with both of the retinal surfaces were found to contain rounded cells, which stained more intensely for actin than the surrounding tissue (Fig. 9a) . In addition some cells within the epiretinal and subretinal membranes stained positively for prekeratin (Figs. 9b, c) .
Discussion
The inflammatory response evoked in both the anterior and posterior chambers following an intravitreal injection of autologous fibroblasts has been described previously."6 In the present investigation so that we do not know whether the low levels represented a rapid turnover of radiolabelled proline or a poor uptake. However, there is undoubtedly a change in metabolic activity in comparison with the perivascular cells in the control tissue. The development of both epiretinal and subretinal membranes was observed after an intravitreal injection of fibroblasts; these proliferations were associated with a tractional retinal detachment. Fibroblast-like cells, glial-like cells, epithelium-like cells, and collagen were identified within the epiretinal membranes. Indeed low levels of 3H proline were seen within all the cell types associated with the epiretinal membranes. However, the level of incorporation was low, though new collagen was seen in many of the epiretinal membranes examined. This unexpected result could be explained by the time of proline administration being too late, that is, beyond the time when collagen precursors were being synthesised. The glial cells which had migrated on to the retinal surfaces had abundant cytoplasmic filaments similar to fibrous astrocytes, but the cells tended to be platelike or spindle-shaped. Green2" described glial cell proliferation as a 'reparative and degenerative process'. In the present study glial cells were seen on the exposed outer retinal surface. It seemed likely that Muller cells formed these subretinal proliferations, as they were plate-like cells similar to those described by Burke and Foster when cells from the retina were grown in culture.2' The migration of accessory glia through the retina to the subretinal space seemed an unlikely event.
The protrusion of retinal cells on the inner retinal surface has also been suggested to be a reparative response to breaks in the ILL, caused by substances 'foreign' to the vitreous.22 Grierson and Forrester3 proposed that the release of lytic enzymes, from intravitreally injected fibroblasts which had died, caused the rupture of the vitreous face, resulting in posterior vitreous detachment, thus ensuring the availability of the retinal surface as a scaffold for cell migration and proliferation. Nevertheless we found that, although the injection of fibroblasts caused posterior detachment and liquefaction of the vitreal gel, damage to the ILL on the vitreal surface was not seen. In contrast the bulges seen on the retinal surface appeared to originate from beneath the ILL, which indicated that the retinal cells were pushing their way through. Eventually cells were observed to come through the subsequent deficits in the ILL and then were able to migrate and proliferate on the inner retinal surface to form epiretinal membranes. When the retinal cells initially began to protrude through the ILL, they had many cytoplasmic processes 
